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NATIONAL LDVISORY COMMITTEE FOR ARRONAUTICS

MEMORANDUM REPORT
for the |
Army Air Forces, Air Technical Service Command
ESTIMATES OF THE VERTICAL-TAIL LOADS OF A BWLL P—6§A—l
AIRPLANE ( AAF NO. L42-68889) IN ACCELER/TED ROLLING
MANZUVERS BASED ON FLIGHT TESTS WITH
TWO VERTICAL-TAIL ARR.NCEMENTS

By Earold I. Johnson
INTRODUCTION

At the request of the Army Alr Forces, Alr Teclinical
Service Command, extensive flight tests are beinz made at
the NACA with a P-634-1 airplane. One phase of these
tests 1s concerned with the directional characteristics
of the airplane because it was found thet the original
vertical tail did not provide a sufficient degree of
directional stebility. To improve this characteristic
an enlarged vertical tail was designed end built. Identical
directional-stability tests were run with both the
original and the enlsrged vertical tails installed on
the airplsne. These tests included msasurements of the
amount of sideslip devecloped in abrupt rudder-fixed
alleron rolls from pull-outs snd steady turns at varilous
speeds and normel eccelerations.

A recent analysis (reference 1) indicates that vary.
large vertical-tail loads may occur in accelerated rolling
maneuvers depending on the aileron power and directional
stability of an airplane. TFor this reason estimates wers
made of the verticel-tsil loads expectad to be encountered
by P-63 airplanes in such maneuvers. Since deta on the
yaw chersctsristics of the airplsne were eveilable for itwo
different verticel-tail installations, it was possible to
study the effect of directionszl stebility on the vertical-
tail loads in rolling maneuvers. The results of this
study are presented herein. It is bslieved these results
throw light on the cause for vertical-teil railures and
fuselage torsional fallures which have besn encountered
recently with some P-63 airplenes.
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AIRPT.ANT /ND INSTRUMENT TKSTALLZATION

Generel dimensions of the P-h3 airplsne are listed
in the appendix of reference 2. S3Slde views ol the
P-6%2-1 airplsne tested, with both the original and
enlsrged vertical tails installed, are shown in figures 1
and 2,respective1y. Detail pictures of the two vertical
tails are given in figure % whereas figure L is s line
drawing which brings out the size and shape relationships
of the two vertlcal tails tested. The following table
contains msjor dimenslons cof the original and enlerged
verticael tall surfaces.

TARLE I.~ DIWMENSIONAL CHARACTHERISTICS Or VERTICAL TAILS

TESTED ON P-63A-1 ATRPLANE (AAF NO. L2-63889).

Vyiv er-all| Total Fixed T-~tal | Rudder areajRudder area
{ height | area fin [rudder | forward of aft of
(in.) |(sq ft)| area area hinge hinge
(sq ft){(sq ft)| (sq ft (sq ft
Original; 78.€7 23.73 | 13.L7 | 10.26 1.96 8.30
Enlarged| 9hL.62 26.58 | 15.96 | 10.62 1.97 8.65
i

Automatically recording NACA flight instruments were
used to record airspeed, sideslip angle, the positions of
the three flight controls, the thres components of
acceleration, rolling velocity, yawing velocity, elevetor
stick force, and rudder pedsl [orce.

The airspeed pitct-static head wes mounted on the
end of a boom -1 chord length ahead of the right wing,
near the wing tip. (Ses fig.-1l,) Service indicated
eirspeed is used throughout this report. This airspeed
is the reading of a standard Army-Navy alrspeed meter
connected to a pitot-static system thst is free from
position error,and has the definition

= 45.08 fovae
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where

Vig 'service.indicaﬁed air;peed, miles per hour

o . standard sea-level compressibility correction -
factor S

de difference between total—head and static pressure

corrected for pitot-static position error,
inches of water

‘Sideslip angle wes messured by means of a vansg, free
to line up with the relstive wind, locsted on the end of
a boom 1 chord length shead of the left wing, near the
wing tip., :

Control-position recorders were connected directly
to the elevator, rudder, and each asileron.

TESTS AND BVALUATICN COF DiTA

" Abrupt rudder-fixed aileron rolls were made during
3g pull-outs at service indicsted airspeedsof approximately
230, 250, end %00 miles per hour at 5000 feet eltitude.
At Vig = 250 miles per hour, rolls were also made from
level flight and from 2g and g pull-outs. In all these
tests, the propeller thrust coefficient and blasde angle
were held constant at the values determined by using : .
normal rated power (2600 rpm, L3 inches Hg, ® 1050 horsepower)
at the indicated alrspeed of 300 miles per hour., Various
alleron deflections, set by a chein from the stick grip
to the side of the pilot's compartment, were used to produce
rolls in each test condition. A time history of a typical
roll from a 3g pull-out is shown in figure 5. A limited
number of rolls from stesdy turns was also mede, but the
data are not used in this report because it was found that,
for comparable initiesl test conditions and within the
accuracy of the measurements, the same smount of sideslip
was obtained for a given ailleron deflection in rolls from
either turns or pull-outs.

The date obtained in the rolls from pull-outs were
plotted as the retio of maximum chsnge in sideslip angle
divided by the alrplsne normsl-force coefficlent ageinst
change in total eileron angle producing the roll. The
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airplaie noxmgl-force ccefficlent wes celculated from the
averaze speed and normnl acceleratlion occurring in each
roll. This method of data eveluation wes chosen becauce
theory indicates the primary yawing moments 'in rudder-fixed
rolls vary dirsctly with airplene normel-force coefflclent;
therefore the maximum sideslip angles reached in rudder-
fixed aileron rolls would be expected to vsery almost
directliy with sirplene normel=force coefficient.

Figure 6 shows the debta resulting from the rolls out
of %3g pull-outs at Vi, = 200, 250, and %00 miles per
hour for both the original and enlerged vertical tails.
Figure 7 is & simller ccllection of data obtained from
the rolls with 1. 2, %, and lLg normal acceleration
at Vi, = 250 miles per hour. Examination of the data
and comperison of the slopes of the curves of. figures
and 7 indicate  the directional stability of the alrplene
is essentially constent over the entire renge of speeds
and eccelerations covered; also thet the directional ‘
stebility oi the eirpliene was increased approximstely
60 percent by the installatlon of the enlarged vertical
tail,

CALCULATICH OF VEZATICAL~TAIL LOADS

- Bstimates of the maximum verticel-tesil loads to be
expected in rudder-fixed sileron rolls during accelerated
flight, using an sileron stick force of 50 pounds, are
‘presented in figure 8. The curve of aileron deflection
nogsible with 50 pounds stick force was taken from previous
tast daba and was = extrapolated from Vig = 315 to .
Vig = 450 miles per hour for cslculetion purposes.

The averege slopes of the faired curves of chenge in
sideslip angle divided by eirplene normel force coefficient
against change in total eileron angle (figs. 6 and. 7)
over a range of total slleron deflection of £1Q°
‘were used to'estimate the maximum sideslip angles to be
expected. For this purpose the airplsene gross weight wes
taken as 7350 pounds. The maximum verticsal-teil loads
‘were czlculated by estimeting the slopes of the normal-
force. coefficient versus angle-of-gsideslip curves of both
vertical tails, then multiplying them by the respective
maximum sideslip engles, vertical~tail areas, and
tree-stream impact pressure. The smsll effect of yawlng
velocity during the maneuver was neglected in calculating
he tail load. The slopes of the normsl-force coefficient
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versus engle-of-sideslip curves for the original end
enlarged vertical tails were estimated to be ‘0.0l05: and

00517 per degree, respectively. These values are based

on computed aspect ratios and a collection of wind-tunnel
deta. Logd computations were csrried out over the range
of conditions where the vertical tails were assumed to te
in an unstalled condition. In this connection the stall
angle of the enlarged verticsl tsailil was assumed to be

16°; It.was further assumed that:bothevertical T
tails were capable o producing the ssme maximum unormal-
force coefficient. These conditions fixed the stall angle
of the originel vertical tail at 20.}%-

DISCUSSIOHN

The estimates of vertical-tail loads in accelerated
rolling maneuvers shown in figure 8 indicete that vertical-
tallr1eads more critical than that calculated from the gust
design condition are likely to occur on P-6% airplanes in
fast rolls rade with normal acceleretions above about 3g.
This figure shows that the most critical speeds are not
the highest speeds st which the airplang would be flown
but, rather, the intermediate speeds at which most flying
is probebly done. 1In this connection, it should be
possible to cover all the corditions of normal acceleration .
for which vertical-tail load calculations are shown in
Tigure § without stalling the airplane wing, except
vossibly at extreme altitude. The reacson the vertical-tail
load decreases with increesing sneed at a given normal
acceleration and aileron control effort is because t%e
rolling effectiveness in terms of the helix angle %7
decreases with increasing sneed. The data of figure 8
also indicate that increasing the size and effectiveness
of the vertical tail, and conseqQuently the directional
stability of the airplene, reduces the mansuvering
vertical-~tail loads. This trend appears logical for the
following reason. Both vertical teils must bsalance out
the same yawing moment due to aileron deflection and
rolling, regerdless of the sideslip angles involved.
However, the fact that the larger tsil restricts the
sideslip angles to smaller values means that it will not
be required to balance out such large unstable fuselage
and propeller yawing moments as will the smaller vertlcal
tail.
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‘A comparison between the lo\uo calculated T
gust degign condition and tliose cbtaimed in roll
shown in flﬂurm 8. The howlzontal line showing

100 percent of the design load for the originel vertical
toil wes determined by teking 1.5 times the predicted
vertical-tail lIoad caused by a sharp-edge gust of

20 fest per second when the sirplane is flying at meximum
permissible diving specd. If the same procedure were
fellowed for the enlarged vertical tail, 100 percent of
the design loed for the gust condition would be about
365320 pounds instead of 2470 pounds. With a design
strength of 25320 nounds the verticeal-teail loads in
aileron maneuvers wculd bs relatively much less critical.
It anpears the gust design condition zenerally fails to
vrovide encugh vertical-teil strength for rolling
maneuvers, esprecially when the directional stability of
the alrplane is low.

om tihe

I?
s 18

‘The balancing design condition required about

20 percent greater vertical-tell strength for nst load
in one direction than the gust condition in the case of
'the P-63% airplene but the gust condition is used for
comperison purposes becauss of the similarity of the
air-load distributions occurring in gusts and in rudder-
fixed aileron rolls. Actually, In static tests conducted
at Wright Field, the P-63% vertical teil failed at '
105 percent of the belancing lcad, which represents a

et lozd of sabout 3100 pounds in one direction. It is
not known: whst effect load distribution has on failure
loed for the F-63 verticsl td’l' aowever, figure 8
indicates net loads in exces §* 3100 poupas would be
encountered in abrupt rolling meneuvers with Lg or mors
normeal acceleration on the alrplanc in certaln speed
ranges. - The pull-up condition required much less vertical-
tail strength than either the gust or balencing conditions.
Therefore, a need 1is indicated for the establishment of
a new vertical-tail design load condition which will
logically relate vertical-tail strength to ths alleror
power and directional stability of sirvlanss.

. Emphiesis has been placed on rudder-fixad rolling
maneuvers in this recort as opposcd to coordinated use
of the rudder and silerons during violent latersl
maneuvering. While 1t 1s trueg that proper use of th
rudder will tend to reduce vertical-tail loads in rolling
maneuvere to some e¢xXtent, 1t apprears that 1f rudder is
used against the sideslip after some¢ sideslipping hes
developed, the vertical-teil load mey exceed theat which
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would have occurred had the rudder bsen held fixed. It
may also be noted that meny airplanes have rudder forces
which are too heavy to permit correct rudder coordination
in rolling meneuvers at any other than low speeds.

CONCLUSIONS

Based on the data and estimateé of vertical-tail
loads given in this report, the following conclusions
may be drawn:

1. Vertical-tail loads more critical than that
imposed by any design condition are likely to be .
encountered with P-063% series airplanes in abrupt rolling
maneuvers made with normal accelerations above Lg in
the intermediate speed range.

2. For a given normal acceleration anda aileron
control effort, the likelihood of encountering critical
vertical=tail loads in rolls decreases with increasing
airspeed so long as the vertical tail remains unstalled.

3. 1Increasing the size and effectiveness of the
vertical tail, and therefore the directional stability of
an airplene, decreesses the maximum vertical-tail loads in
accelerated rolling maneuvers in the usual case where the
fuselage-ororeller combination is directionally unstable.

li. A new loading condition for vertical-tall design
strength anvears necesseary for highly meneuveréble air-
nlanes in order to relate vertical-taill strength to the
aileron nower snd directional stability of the airplane.

Lengley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., Novamber 30, T9Ll
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. (b) Enlarged vertical tail,

Figure 3.~ Close-up views of original and enlarged vertical tails on
P-63A-1 airvlane.
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Figure 5. - Time history of typical rudder-fixed aileron roll from

3g pull-out.

Bell P-63A-1 alirplane, enlarged vertical

tall, altitude = 5000 feet, Vis = 265 mph.
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Figure 8 .- Estimated maximum vertical tail loads to be expected in

rudder-fixed rolls during accelerated flight employing 50 pounds
aileron stick force.




